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Abstract. In this paper we study the accuracy of photomespectroscopic redshifts, i.e. the training set. A slightly modified
ric redshifts computed through a standard SED fitting proceersion of this method was used by Wang et al. (1998) to derive
dure, where SEDs are obtained from broad-band photometgdshifts in the HDF-N by means of a linear function of colours.
We present our public codg/perz which is presently available This method produces small dispersions, even when the num-
on the web. We introduce the method and we discuss the bgr of filters available is small, and it has the advantage that it
pected influence of the different observational conditions addes not make any assumption concerning the galaxy spectra or
theoretical assumptions. In particular, the set of templates us®dlution, thus bypassing the problem of our poor knowledge
in the minimization procedure (age, metallicity, reddening, abf high redshift spectra. However, this approach is not flexible:
sorption in the Lyman forest,...) is studied in detail, through bothhen different filter sets are considered, the empirical relation
real and simulated data. The expected accuracy of photomelitween magnitudes and redshifts must be recomputed for each
redshifts, as well as the fraction of catastrophic identificatiossirvey on a suitable spectroscopic subsample. Moreover, the
and wrong detections, is given as a function of the redshift rangraining set is constituted by the brightest objects, for which it
the set of filters considered, and the photometric accuracy. Sigepossible to measure the redshift. Thus, this kind of proce-
cial attention is paid to the results expected from real data. dure could in principle introduce some bias when computing
the redshifts for the faintest sources, because there is no guar-
Key words: galaxies: distances and redshifts — galaxies: geneaaltee that we are dealing with the same type of objects from
— methods: data analysis — techniques: photometric the spectrophotometrical point of view. Also, the redshift range
betweenl .4 and2.2 had been hardly reached by spectroscopy
up to now, because of the lack of strong spectral features ac-
cessible to optical spectrographs. Thus, no reliable empirical
relation can be found in this interval.
The estimate of redshifts through photometry is one of the most The SED fitting procedure, described in detail in the follow-
promising techniques in deep universe studies, and certainli?@ section, bases its efficiency on the fit of the overall shape of
key point to optimize field surveys with large-field detectors. fiPectra and on the detection of strong spectral properties. The
isin factan old idea of Baum (1962), who originally applied it t@bserved photometric SEDs are compared to those obtained
the measure of redshifts for elliptical galaxies in distant clustefg2m a set of reference spectra, using the same photometric sys-
It was later used by several authors in the eighties (Couch ett@m. The photometric redshift of a given object corresponds to
1983; Koo 1985) on relatively low-redshift samples, observedife best fit of its photometric SED by the set of template spec-
the~ 4000 to 8000 A domain. Later in the nineties, the interestra. This method is used mainly for applications on the HDF,
for this technique has increased with the development of larg@ing either observed or synthetic SEDs (e.g. Mobasher et al.
field and deep field surveys, in particular the Hubble Deep Figl@96; Lanzetta et al. 1996; Gwyn & Hartwick 1996; Sawicki
North and South (HDF-N and HDF-S). et al. 1997; Giallongo et al. 1998; Famdez-Soto et al. 1999;
Basically two different photometric redshift techniques cafirnouts et al. 1999; Furusawa et al. 2000). A crucial test in
be found in the literature: the so-called empirical training sall cases is the comparison between the photometric and the
method, and the fitting of the observed Spectral Energy DEPectroscopic redshifts obtained on a restricted subsample of
tributions (hereafter SED) by synthetic or empirical templaté&latively bright objects. A combination of this method with the
spectra. The first approach, proposed originally by Connolly Bgyesian marginalization introducing a prior probability was
al. (1995, 1997), derives an empirical relation between magRroposed by Beitez (2000).

tudes and redshifts using a subsample of objects with measuredrhe aim of this paper is to explain in a straightforward
way the expected performances and limitations of photo-
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study has been conducted with our public code caligd Table 1.Characteristics of filters used in the simulations: the effective
perz, which adopts a standard SED fitting method, but mostvelength\.s+ and the surface of the normalized response function.
results should be completely general in this kind of calcula-
tions. This program was originally developed by Miralles (199&)iter At [A]  width [A]

(see also Pdll et al. 1999), and the present version of thg 3652 543
codehyperzis available on the web at the following addressz 4358 987
http://webast.ast.obs-mip.fr/hyperz \% 5571 1116

The plan of the paper is the following. In Séﬁt 2 we preseht 6412 1726
the method used blyyperzand the involved set of parameters! 7906 1322
The accuracy of the redshift determinations and the expected 9054 1169

12370 2034
16464 2863
22105 3705

percentage of catastrophic identifications, as a function of the
filter set and the photometric errors, are studied through sim
tions in Sec{.B. The influence of the different parameters on

. . . . ] 3010 854
accuracy of photometric redshifts isinvestigated in $ect. 4, usifge\y 4575 878
both simulations and spectroscopic data from the HDF. Beck&psw 6039 1882
is devoted to the analysis on the expected accuracy and possiglesw 8010 1451
systematics when exploring real data, coming from deep pho-
tometric surveys. A general discussion is given in $éct. 6 and
conclusions are listed in Seicl. 7. A > 10000 A using the equivalent GISSEL spectra. The syn-
thetic database derived from Bruzual & Charlot includes 408
2 The method spectra (51 different ages for the stellar population and 8 star-

formation regimes). In most applications, there is no sensible
Photometric redshifts (hereaftegs..:) are based on the detecyain when the number gf-models is reduced to only 3, thus
tion of strong spectral features, such astib@) A break, Balmer including only 255 spectra.
break, Lyman decrement or strong emission lines. In general, Throughout this paper we use the same set of broad-band fil-
broad-band filters will allow to detect only “breaks”, and theyers, with characteristics presented in Table 1. These filters cover
are not sensitive to the presence of emission lines, except wh@nne wavelength domain under study, without major overlap
their contribution to the total flux in a given filter is higher or oty gap. We also include the HDF filters used in S¢éts. 4and 5
the same order of photometric errors, as it happens in the cgpem Biretta et al. 1996). Thieyperfilter library is an enlarged
of AGNs (Hatziminaoglou et al. 2000). version of the original Bruzual & Charlot one, and presently in-
The method used in this paper to compute photometric redgdes 163 filters and detector responses. All magnitudes given
shifts is a SED fitting through a standayd minimization pro- in this paper refer to the Vega system.
cedure, computed with our cotigperz The observed SED of  Hyperzhas been optimized to gain in efficiency when com-
a given galaxy is compared to a set of template spectra:  pyting z,,,,,, on large catalogues. The input data for a given
Noxs ) catalogue are magnitudes and photometric errors. To compute
" |:Fobs,i — b X Fyemp,i(2) @ 2 reliable estimate of,,.., the colours and the corresponding
o] ’ photometric errors must be obtained with particular care, in-
cluding uncertainties due to zero-points, intrinsic accuracy, etc.
where Fobs 5, Fremp,i @nd o; are the observed and templatéMagnitudes are obtained within the same aperture in all filters,
fluxes and their uncertainty in filter respectively, and is a after correction for seeing differences between images. For a
normalization constant. given catalogue, the relevant parameters introduced igthe
The new Bruzual & Charlot evolutionary code (GISSEL9&alculation are:
Bruzual & Charlot 1993) has been used to build 8 different syn-
thetic star-formation histories, roughly matching the observed The set of template spectra. This point includes the SFR
properties of local field galaxies from E to Im type: a delta burst, type, the possible link between the age and the metallicity
a constant star-forming system, andgimnodels (exponentially of the stellar population, and the choice of an IMF. It is
decaying SFR) with characteristic time-decays chosen to match discussed in Secil 4.
the sequence of colours from E-S0 to Sd. We use the Initial Mass The reddening law is usually taken from Calzetti et al.
Function (IMF) by Miller & Scalo (1979), but this choice hasa (2000), but 4 other laws are also included in the code. This
negligible impact on the final results, as discussed in Bett. 4.6. is discussed in Se€f4.4. The input valudis, correspond-
The upper mass limit for star formation 125 M. The ba- ing to a dust-screen model, wiff},(\) = F}(\)107 044,
sic database includes only solar metallicity SEDs, but other whereF, and F; are the observed and the intrinsic fluxes,
possibilities are discussed in S&dt. 4. The library also includes respectively. The extinction at a wavelengtlis related to
a set of empirical SEDs compiled by Coleman et al. (1980) the colour excesE'z_y and to the reddening curig\) by
(hereafter CWW) to represent the local population of galaxies. Ay = k(A\)Ep_yv = k(A\)Ay /R, with R = 3.1 except for
CWW spectra were extended to wavelengiths 1400 A and the Small Magellanic CloudK = 2.72) and the Calzetti’s

X*(z) = ‘
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law (R = 4.05). The normal setting fod - ranges between e W
0 andl.5 magnitudes. The mean galactic extinction corre@ (/@’d( (\g\z‘
tion towards a given line of sight can be introduced in ternis 666(“
of Eg_v, and it is applied to the whole catalogue. 3 | © o

— Flux decrements in the Lyman forest are computed accor@- p 6\\‘\0“
ing to Giallongo & Cristiani (1990) and Madau (1995), bottE \he‘? &
of them giving similar results. T \'\"\(\xo‘e

— The limiting magnitude in each filter, and the rule to be H
applied in the case of non detection. The rule is set for eagh

filterindependently, and there are 4 different possibilities: @
the filter is not taken into account in the computation; 1) th%
flux in this filter is set to 0 with an error bar corresponding
to the flux deduced from the limiting magnitude; 2) the flux
in this filter is set tol /2 of the limiting flux, according to
the limiting magnitude, and the associated 1 sigma error is
+1/2 times this value; 3) the flux and the 1 sigma errdrig. 1. Artist view of the SED fitting procedure to computg,... The

in this filter are computed from the limiting magnitude anégure presents a likelihood map for a representative object-atd.

from the error associated to the limiting magnitude (botﬁhe shaded area encloses the highest confidence level region according

fixed). Case 1 is the usual setting when one is dealing witficathe x” associated probability. Each point on the redshift-age map
relatively deep survey in the considered filter, whereas Cacgéresponds to the best fit of the SED obtained across the parameter
’ ace. The degeneracy in the parameter space is shown in this example.

0 applies to “out-of-field” objects. Case 2 and 3 are welP
suited for relatively shallow surveys. The idea of “shallow”
and “deep” in this context refers to relative values of the

limiting magnitudes associated to the different filters in th&tandard deviationr, = V(AL = (A))?/(N —1). Spuri-
photometric catalogue. ous identifications¢%) correspond to objects which are incor-

— The cosmological parametefy, {2y and2,, which are rectly assigned to a given,.; interval, and thus susceptible to
only related here to the maximum age allowed to the stellggntaminate the statistics within this;,.: interval; in this case
population at a given redshift. The age checkingis an optiq@z| >3 x0,.

Some of these quantities, in particulé and g%, depend

Due to the degeneracy in the parameter space defined bydReassumptions about redshift number counts and photomet-
SFR type, age, metallicity and reddening, the,. computa- ric depth. For this reason we compute them only for a set of
tion for a given object is equivalent to finding the most likelgimulations with a more realistic modeling for galaxy counts,
solution for the redshift across this parameter space, regardigssording to a Pure Luminosity Evolution (PLE) scenario. We
to details on the best-fit SED (see Hip. 1). Both the,, and discuss the results as a function of the photometric parameters
the SED are obtained throudiyperz together with the best fit jn Sect .
parameters4y, spectral type, metallicity and age). Because of - Simulated catalogues af)00 objects were produced, with
the degeneracy between these parameters, the relevant infongomogeneous redshift distribution, in order to compute the
tion shall be the redshift and the rough SED type, in the sengi§ove mentioned parameters as a function of the filter set and
that a given object has a “blue” or “red” continuum at a givephotometric accuracy. In all cases, the types and ages assigned
Z, but no reliable information can be obtained about the Oth_@' the different ga|axies in a redshift bin are random|y cho-
parameters from broad-band photometry alone. sen from the 8 GISSEL98 template families mentioned above,
with solar metallicity. Photometric errors in these homogeneous
catalogues are introduced as a noise following a Gaussian dis-
tribution of fixed 1o in magnitudes for each band (0.05 to 0.3
In this section we study through simulations the quality of theagnitudes, i.e~ 5 to 30 % photometric accuracy), and they
Zphot @S @ function of the filter set, the photometric accura@re uncorrelated for different filters. For each filter set we study
and the redshift, i.e. the robustness of the redshift determinattbe quality ofz,1. as a function of the photometric accuracy, In
and the expected percentage of catastrophic identifications #mid particular case, photometric errors do not scale with magni-
spurious detections. The aim of this exercise is to study the sisdes. A realistic error distribution is used in SEktt. 5. The value
tematic effects produced by the sampling of the SED and tbkthe visual extinctiondy ranges betwee6 and1. For each
associated noise coming from photometry. Catastrophic idersiimulated galaxyhyperzcomputes &, value, as well as the
fications (%) are those WithA .| = |Zmodel — Zphot| > 1, @Nd  zpnot €101 bars corresponding 1 = 68, 90, 99% confidence
such objects are thus lost from their original redshift bin. THevels, computed by means of they? increment for a single
accuracy okpnet in @ given redshift bin is defined by the meamparameter (Avni 1976). The redshift step used to search solu-
difference(A.) = >~ A, /N of the sample with respect to thetions betweerr = 0 andz = 7 is Az = 0.05, with an internal
model redshift, excluding catastrophic identifications, and tlagcuracy which is 10 times better. The choice of the primary

redshift

3. Filters and photometric accuracy
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Table 2. Summary of results obtained on simulated catalogues with a homogeneous redshift distribution as a function of the redshift bin, filters
set and photometric errorsm. See the text for a complete description.

z=00-0.4 04-1.0 1.0-2.0 2.0-3.0 3.0-5.0 5.0-7.0

filters Am I (A) 0. (A2) 0. (AZ) 0. (AZ) 0. (AZ) 0. (AZ)
0.05 0.18 0.00 0.22 -0.13 0.32 0.10 0.30 0.07 0.23 0.08 0.16 0.05
BVRI 0.10 0.20 -0.05 0.30 -0.21 0.38 0.08 0.45 0.10 0.25 0.10 0.19 0.07

0.20 0.29 -0.19 0.37 -0.24 0.41 0.18 0.54 0.01 0.34 0.14 0.23 0.07
0.30 0.25 -0.34 0.38 -0.24 0.42 0.25 0.53 -0.21 0.35 0.14 0.28 0.09

0.05 0.07 -0.03 0.17 -0.07 0.26 0.12 0.21 0.04 0.17 0.05 0.18 0.06
UBVRI 0.10 0.09 -0.03 0.21 -0.11 0.35 0.17 0.33 0.11 0.23 0.08 0.19 0.04
0.20 0.20 -0.11 0.29 -0.19 0.42 0.17 0.41 0.12 0.27 0.09 0.23 0.06
0.30 0.28 -0.20 0.31 -0.18 0.49 0.16 0.45 0.11 0.29 0.11 0.27 0.07

0.05 0.04 -0.01 0.11 -0.05 0.25 0.11 0.13 0.04 0.17 0.06 0.09 0.01
UBVRIZ 0.10 0.07 -0.02 0.16 -0.08 0.28 0.11 0.23 0.07 0.22 0.09 0.14 0.02
0.20 0.17 -0.08 0.22 -0.11 0.41 0.11 0.34 0.16 0.28 0.12 0.19 0.05
0.30 0.21 -0.12 0.27 -0.15 0.44 0.12 0.40 0.18 0.32 0.15 0.24 0.08

0.05 0.04 -0.01 0.07 -0.02 0.11 -0.01 0.12 0.07 0.12 0.04 0.11 0.02
UBVRIJ 0.10 0.08 -0.01 0.11 -0.06 0.20 -0.01 0.14 0.10 0.17 0.07 0.15 0.03
0.20 0.17 -0.09 0.19 -0.08 0.30 0.00 0.23 0.14 0.26 0.13 0.18 0.03
0.30 0.22 -0.13 0.26 -0.15 0.35 0.01 0.30 0.17 0.30 0.17 0.22 0.06

0.05 0.04 -0.01 0.07 -0.02 0.11 0.00 0.21 0.07 0.13 0.04 0.15 0.05
UBVRIK 0.10 0.08 -0.02 0.10 -0.05 0.22 0.01 0.27 0.12 0.18 0.08 0.15 0.06
0.20 0.17 -0.064 0.16 -0.08 0.31 0.01 0.32 0.18 0.22 0.12 0.21 0.08
0.30 0.22 -0.14 0.25 -0.14 0.36 -0.01 0.35 0.20 0.26 0.14 0.23 0.09

0.05 0.06 -0.01 0.06 -0.03 0.16 0.00 0.16 0.01 0.13 0.03 0.09 0.03
BVRIJK 0.10 0.12 -0.03 0.11 -0.05 0.24 0.00 0.19 0.02 0.18 0.07 0.12 0.04
0.20 0.19 -0.06 0.23 -0.07 0.33 -0.04 0.27 0.06 0.23 0.11 0.16 0.07
0.30 0.25 -0.14 0.26 -0.14 0.40 -0.04 0.32 0.09 0.27 0.16 0.20 0.09

0.05 0.04 -0.01 0.05 -0.02 0.13 0.02 0.06 0.00 0.12 0.03 0.09 0.02
UBVRIJK 0.10 0.09 -0.01 0.09 -0.03 0.21 0.03 0.11 0.02 0.15 0.05 0.12 0.03
0.20 0.18 -0.05 0.18 -0.06 0.32 0.03 0.20 0.05 0.18 0.09 0.15 0.05
0.30 0.23 -0.09 0.24 -0.10 0.33 0.05 0.28 0.08 0.21 0.11 0.19 0.07

0.05 0.03 0.00 0.05 -0.01 0.10 0.00 0.06 0.00 0.09 0.01 0.09 0.02
UBVRIJHK 0.10 0.10 -0.02 0.10 -0.02 0.20 -0.01 0.13 0.03 0.13 0.04 0.11 0.03
0.20 0.18 -0.06 0.17 -0.07 0.28 -0.02 0.19 0.06 0.19 0.09 0.16 0.06
0.30 0.25 -0.12 0.25 -0.11 0.33 -0.04 0.27 0.09 0.23 0.11 0.21 0.09

z-step between 0.1 and 0.05 does not affect significantly the All these results are almost independent of the type of
results. galaxy, provided that the evolving population of stars is older
Fig[2 shows the behaviour of the different sets of simulatéldan a few~ 107 years typically. This point is discussed in
samples when the,;. is compared to the truen.q.1. The details in next section.
results of these simulations are summarized in Table 2. Without The dispersion i, is strongly sensitive to the photomet-
near-IR photometry, the errors on individual galaxies becorrie uncertainties. There is no significant gain farn < 0.05
huge atl.2 < z < 2.2 as expected due to the lack of strongnagnitudes (abou’% accuracy). This value roughly corre-
spectral features in the visible band. In particular, in this redshifbonds to the typical photometric uncertainties in deep pho-
range the 4008 break goes out of thé band and the Lyman tometric surveys, when all the error sources are included. The
break does not yet affect the photometry in the filterThis dispersion and the number of multiple solutions with similar
problem is solved when near-IR is included. In fakt,H, and weight rapidly increase up tdm ~ 0.3 magnitudes. Includ-
K filters allow to bracket the 4008 break. Also, the lack of ing near-IRJHK photometry strongly reduces the error bars
U band photometry introduces an enhanced uncertainty in thithin the 1.2 < z < 2.2 range, without significantly improv-
z < 0.4domain (mainly because of the contributior &t 0.2), ing the uncertainties in,.; outside this interval. If the filteZ
because at < 0.2 none of the other filters is able to detect & considered in addition to the five optical filters, the resulting
strong break. dispersion at low redshift become smaller up{Qge ~ 1.5,
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Table 3. Summary of dispersions in the HD&not measurements for the different sets of templates, where: o/ [1 + (z)], using the
Calzetti's law with Ay ranging from 0 to 1.2 magnitudes. The total number of objects considered in each non-catastrophic sample is given in
brackets. See more details in text.

Zepee < 1.5 2 < Zepec < 6

52 0 0 0=
Template set (allN =83) (non-cata.) (allv =29) (non-cata.)
GISSEL (o) (a) 0.09 0.06(81) 0.26 0.10(27)
GISSEL o, no Ay) 0.13 0.07(81) 0.50 0.13(19)
GISSEL 5, low Lyman blanketing) 0.09 0.06(81) 0.25 0.09(27)
Cww (b) 0.21 0.08(81) 0.26 0.08(27)
CWW + vB (c) 0.17 0.08(82) 0.26 0.07(27)
GISSEL 0.0057¢,Z¢,5Z) (d) 0.10 0.05(80) 0.30 0.11(26)
GISSEL 0.00575,5Z¢) (e) 0.10 0.06(79) 0.30 0.10(26)
GISSEL self-consistent models 0] 0.09 0.05(80) 0.26 0.10(27)

but the degeneracy at,oqc1 = 1.5 — 3 still remains, evenif less Lowenthal et al. 1997) considered by Fandez-Soto et al.
dramatic. (1999) plus 4 galaxies from HDF-S (Glazebrook et al. 2000,
In Fig.[3 we illustrate the probability functions for two sim-in preparation). Among these, 83 galaxies arezak 1.5
ulated galaxies at low and high redshift: the solution becomasd 29 at2 < z < 6. Photometry was obtained from the
better constrained around the model value and the degener@tmny Brook’s group (Fedmdez-Soto et al. 1999; SUNY web
between high and low redshift solutions disappears with ipages http://www.ess.sunysh.edu/astro/hdfs )
creasing photometric accuracy and when the wavelength rangang the package SExtractor (Bertin & Arnouts 1996) to detect
extends up to the near infrared region. sources, and consists in 7 filters for the HDF-N (F300W, F450W,
The typical dispersion in,1,.; Obtained here is similar to the F606W, F814W plus near infrared photometry K filters ob-
values found in the literature, even when the techniques usedtaired by Dickinson et al. 2000 at the KPNO IRIM camera) and
appreciably different (Brunner et al. 1997; Connolly et al 19972 for the HDF-S (F300W, F450W, F606W, F814W, plus an
...). Inmost published studies it is extremely difficult to compamdditional shallow optical catalogléBVRIfrom NTT SUSI2,
the accuracy of,n.t as a function of photometric errors. and near infraredHK data obtained with NTT SOFI). Here
These results are useful to understand the general trem@sconsider results obtained using the 7 filters for the HDF-N
expected from a given configuration of filters and photometrialaxies and all the 12 available filters for the four objects of the
accuracy. Nevertheless,,.; techniques are often applied toHDF-S subsample. Calculations on the HDF-S using 7 filters do
statistical studies, which require more “realistic” simulations inot affect significantly the individual photometric redshift and
order to define the right observational strategy for the photitre overall statistic.
metric survey. Then, a realistic redshift distribution is needed. To calculate magnitudes from the available measured fluxes
For most applications, a PLE model is enough to determine tinethe catalogues, we considered as non-detection criterion a
main trends. Also, photometric uncertainties have to be scakgnal-to-noise rati®/N < 1. In this case we assigned a mag-
with magnitude, to reproduce the behaviour of real cataloguegude = 99 and we used the information about the limiting
These points are discussed in Sekct. 5. magnitude in the involved filter.
Three different sets of templates are considered in this
section: the basic 5 GISSEL98 models with solar metallicity
4. Influence of the different parameters onz,not accuracy —mentioned above (1 delta bursty3decaying, 1 constant star-
formation system), the CWW set of empirical SEDs, and the
CWW set extended with a SED of a very blue galaxy taken
We have studied the influence of the set of templates usedfesin GISSEL library (Miller & Scalo IMF, constant SFR,
the final results through a comparison betweerhigerzz,,. age = 0.1Gyr). Adding new very blue spectra to the third
determinations and real spectroscopic data on HDF. All the ott$&t does not change perceptibly the results. As for the simu-
parameters are fixed in this case, and the only difference is tatd catalogues, we search solutions in the redshift interval
set of templates used to compuig,... Table[3 summarizesz = 0—7 with a stepAz = 0.05. In all cases, a crude limit in
these results. A similar blind test was recently performed @psolute magnitude has been imposed to compytg, with
Hogg et al. (1998) on a sample of HDF-N galaxies at 1.4, Mz € [-28, —9]. Moreover, we checked the age of the template
using different procedures and, in particular, different sets f be consistent with the age of the universe at the considered
templates. redshift, depending on the cosmological model. Here we use
We have computed photometric redshifts for the samgly = 1, 24 = 0 andHy = 50kms~! Mpc~'. The reddening
of 108 galaxies on the HDF-N with observeg,.. (Cohen et is assumed to range frody, = 0to 1.2, following the Calzetti
al. 1996; Cowie 1997; Zepf et al. 1997; Steidel et al. 1996t al. (2000) law.

4.1. Templates and Lyman forest blanketing
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Fig. 3. Examples of the evolution of the probability distributions associategfta) as a function of the filter set and photometric errors, for
two simulated objects. Left,oqe1 = 0.282. Right: zmoder = 2.396. Dotted lines refer taAm = 0.3, dashed linesAm = 0.2, solid lines:
Am = 0.1. The vertical line marks the trug,oq.1 value.

The comparison between,.. andz,., for the 112 galax- available photometry, disregarding tB¢N criterion, we ob-
ies of the sample is shown in Fig. 4, for the three sets of tetain Zphot = D.13. The object atgpe. = 2.931 is placed at low
plates hereafter referenced as (a), (b) and (c), respectively. Eaatshift by other groups (Fendez-Soto et al. 1999; Arnouts
of them produces a fairly good agreement with the measuretdal. 1999). Nevertheless a secondary peak, with a very small
spectroscopic redshifts, but noticeable differences appear whérprobability, is found at = 2.90.

considering the values of the dispersion, computed as We can remark that at high redshift the cases (b) and (c) are
better centred around the spectroscopic value. Howeverytheir
s T _ ZiN:l |Zphot,i — Zspec.il? 1 yalues are higherthan.in case (a). The reason suspected for that
T 11 (2 )~ N —1 1+ (z) is the one-to-qne relation mtrodgced hgre be_tween t_he Lyman-
forest absorption and the redshift. We investigate this problem
in the two redshift domains:(< 1.5 and2 < z < 6): by assigning different values to the Lyman-forest decrement,

_ _ multiplying the values of the mean line blanketit® ) and
— for Zspec < 1.5 ((z) = 0.65) we found: (@) = 0.09; (0) p_y provided by Madau (1995) by a factor 0.5 and 1.5, then
0.21; (c) 0.17. If we exclude objects Withynot — Zspecl > increasing or decreasing the absorption (Furusawa et al. 2000).

0.5, the value ob, reduces td).06 in case (a) (81 ObjeCts), \ne found a better fit to the HDF data when the Lyman forest
and to0.08 for (b) and (c) (81 and 82 objects respectively). 185 the line of sight produces a smaller flux decrement with

case (a), these rejected objects correspond to the two ga@é’pect to the mean value. In this case we obfair= 0.09

ies with uncertai.n spectroscopic redghift; (see Amouts etj%lr the GISSEL case (a), a value which is similar to the value
1999). Thus, using GISSEL models in this redshift domayy c\m\y SEDs. An overestimate of absorption due to neutral
produces more accurate results than CWW templates alopyyogen induces a subsequent and systematic underestimate
in the high redshift domain, the dispersion in all the const eqshifts, because the same attenuation of the flux could be
sidered cases i8. = 0.26 ((z) =~ 3.06). If we remove onrq4ced with a solution at lower redshift. Hence a careful
catastrophic identifications (2 Oble,CtS)’ characterlged lR}ﬁowledge of the UV region of SEDs is essential to accurately
[Zphot — Zspec| > 1, thend, = 0.10 in case (a)0.08 in assess,.; furthermore, the Lyman forest represents the most
(b) and0.07 in (c). In this case, the CWW set producegy, o tant signature of spectra in the high redshift regime. Thus
slightly better results than GISSEL, probably due 10 a Lyfiq important to allow the blanketing in the Lyman forest to span
man blanketing effect. This pointis discussed below. 5 g ficiently wide range of values in order to prevent systematic

In general, the reasons of failures can be ascribed to m&H{fCts at highe, which could depend on the line of sight.
effects, such as a wrong photometry (systematic errors when Itis worth to notice th_at, even if all the templat(_a SED_S re-
measuring magnitudes or underestimated photometric errd?&?duce the spectroscopic rerhn‘ts on th? HDF with sufﬁme-nt
leading to a highly unlikely fit, or a probability function with accuracy, the redshift distributions of galaxies could change sig-

significant secondary peaks, because of degeneracy amon {ﬂ‘éam')/",Vh?”WG areFIeaIing W,ith objech fainFerthan the spec-
fit parameters, or a relatively “flat” probability function due t rosco_plc_llm_lts, forwhlch no training setis f_;lvallable. When the
a lack of sufficient photometric information. The last expland€dshift distribution obtained on the HDF with CWW templates
tion applies particularly to the object af,e. = 5.64, which is is compared with the equivalent one computed with GISSEL
detected only in filter F814W and which is at the limit of det_emplates, there are no strong differences in the overall distri-
tection in F450W, withS/N =~ 1.5. However, if we use all the bution. Nevertheless, this result could not apply to all cases. A
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Fig. 4a—f. Comparison between photometric and spectroscopic redshifts for the HDF spectroscopic sample. Erraf,harsorrespond to
30. Different sets of template spectra are used in the various pante: basic 5 GISSEL98 models with solar metalliciythe CWW set
of empirical SEDst the CWW set extended with a SED of a very blue galaxy. The lower panelsndf present the comparison between
template sets of different metallicities. See text for more details.

straightforward example is the case of a deep photometric sti2. Age of the stellar population

vey using visible filters only, without near-IR photometry, ang . . - .
designed to probe the low surface-brightness regime. Itis ea hotometric redshifts are efficient when a spectral feature is

shown that, in this case, a degenerate solution could exist dg;tected through the filters with an important strength as com-

the faintest “blue” sources, for which it is impossible to deCiO%ared to photometric uncertainties. When we are dealing with

between a lowz solution (low surface-brightness object wit the stellar continuum of a y017mg stellar population, 4080 A
. . reak becomes visible at 10* years (see Bruzual & Charlot
a very young stellar population, as presented in next subs

tion) and a relatively bright < z < 2.5 galaxy, with ongoing 893). In most cases, this lack of strong features could not be

star-formation (no strong signatures on a continuum incre cg_mpensated by the presence of strong emission lines, simply

. . cause such lines have a negligible effect on the integrated
ing bluewards). In that case, using the CWW templates al%%ergy when using broad-band filters (see S&dt. 4.7).

will tend to select the later solution systematically, whereas ifi- In order to study the effects of age o estimates as a
cluding_templates spanning a wide range of ages for the St?Parﬁction of redshift, we have produced f(’)jlgi’f)fterent sets of cata-
population (such as GISSEL) could select the former soluti nges correspondi'ng to different ages, all of them with a uni-
thus leading to a completely different redshift distribution. é) '

prefer to adopt a relatively large number of GISSEL's templat(:P c;;r)nulglt?(t)rr:britcl)%lll)n T:iEJrGtZ?SSI(:)t/z ?huéséeiizl(frlgr?(ljz ‘;’;; llar
. . . . PHOL
to supply a wide baseline for modeling the age effects, rat \?ersu&model for representative ages and HBVRIJHK set of

than me the evolution repr he transformat ¢ . .
in?a dti?fearsesnut Ioecztal i eegtrualct) :zp oduced by the transforma #ﬁtr?ars. In this case the set of templates used is the basic GISSEL
P ype. one with solar metallicity. Atmodel 2 3, the redshift determi-
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nation is accurate for any age because of the presence of Lymaf¥> [~ T T
break in the filtel/. At smaller redshiftsz,. is based on the e 108 yr
4000A break as the strongest spectral signature, and it is visible
only in systems which are a few 107 years old. 3 1
The results obtained applyirtyyperzto these catalogues ~ 0-2 - 10% yr
are summarized in Fifl 5, where we show the effect describéd I 10° yr
above by means of the dispersion in four redshift bins: the value | A
of o, /(14 (z)) decreases increasing the redshift and the ageaf | \ |
the stellar population. ® 01t -

,,,,,,,, 107 yr

4.3. Cosmology

The effects of cosmological parametefgy( 2o and2,) are o I ! ! ‘
only related to the age allowed to the stellar population ata  © 1 2 3 4

given redshift. When usingyperz the age of the stellar popu-

lation can be optionally limited to the age range permitted By9- 5- The dispersiom /(1 + (z)) as a function of the mean redshift
the cosmological parameters. In order to quantify such effect @ihe considered range. Ages at, 107,10%,10” and10'° yr from
Zohot, if aNy, we have compared the results previously obtain&# 0 botom.

on the HDF (with the crude age limitation given above) with

those obtained without age constraints, and also with a diffgfiate to fit the SEDs of high redshift galaxies foc > 2),

ent set of COST‘)'OQ'C?' parametef®)(= 0.3, 2y = 0.7and \hereas they leave the low redshift region unaffected. Instead,
Ho = 50kms™" Mpc™). These results show that the effect ofhe fourth law, corresponding to the Small Magellanic Cloud,
the cosmological parameters on thg, estimate is negligible, produces results similar to those obtained with the curve pro-

because they affeét by less than %. vided by Calzetti et al. (2000). It correctly assigns thg.
to the high redshift objects, but it places a couple of ky.
4.4. Reddening objects at highee,.;. The last effect is probably due to the

. . . i higher and steepét()) at short wavelength as compared to
The five reddening laws presently implementediyperzare:  cazetti's, which mimics the additional effect of the UV atten-

. Allen (1976) for the Milky Way (MW); uation induced by the Lyman forest. At high redshift, the most

1 . . - o

2. Seaton (1979) fit by Fitzpatrick (1986) for the Mw;  Important wavelength region is the UV, betwet0 A and

3. Fitzpatrick (1986) for Large Magellanic Cloud (LMC): 3000 A, where the considered laws give quite different trends,
4

. Pvot et al. (1984) and Bouchet et al. (1985) for smadifus modifying in a different way the magnitudes and producing
Magellanic Cloud (SMC); different values ofi2. In fact, most of the fits to the HDF sam-

ple using reddening laws from 1 to 4 produce woy3evalues

than the Calzetti’'s law, in particular for those objects requiring

The different laws are presented in Eib. 7. Ay > 0.6. These galaxies cannot be reproduced by the MW
Recent studies on high redshift galaxies and star formatiand LMC laws, even when the limit ofy, is increased up to

obscured by dust have shown the importance of reddeningdg = 2.

the highz universe. In order to probe this issue g, com- Thus, the slope of the selected reddening law at short wave-

putations, we have compared the results previously obtaifledgths must be defined carefully; the extrapolation used here to

on the HDF to those obtained assuming no reddening, all #sgtend the laws 1 to 4 towards wavelengths not covered by data

other parameters being fixed. We foufild= 0.13(0.07 with- is rather poor. These considerations get stronger evidence that

out catastrophic objects) for the lowbin ands, = 0.50(0.13) the modeling of the UV region of SEDs is essential to recover

for the highz one, but with a much higher percentage of cataserrectly the high: galaxies. The re-emission of energy coming

trophic identifications: 10 objects ai,.. ~ 3 are erroneously from dust heated by massive star formation does not affect the

identified as low redshift galaxies. present results, because we concentrate on the UV to near-IR
Therefore, keeping a wide range of reddening values seepasds.

to be essential to reproduce the SEDs of high redshift galaxies.

Accordlngto Steidel etal.(1999),thetypldﬁ,§_vforgala?qes 4.5. Metallicity

to z ~ 4is 0.15 mags, thusdy, ~ 0.6 mags when using a

Calzetti’s law. The maximumly, allowed in our calculations is We have also checked the influence of the metallicity on the

about 2 times this value. Zphot €Stimates using the same HDF training sample. The same
Moreover, we conducted a test to study the influence ebmputations have been done using different and extreme as-

the different reddening laws, using all the implemented possismptions for the metallicity of the stellar population, with val-

bilities. We found that the laws reproducing the extinction afes ranging fron?.005Z, to 5Z, (as allowed by Bruzual &

the Milky Way and the Large Magellanic Cloud are not appr@zharlot's models). We have also developed a self-consistent

5. Calzetti et al. (2000) for starburst galaxies.
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Fig. 6. Comparison betweeti,oqc1 andzpnot for simulated catalogues of single burst galaxies with, = 0.1, filters setUBVRIJHKand ages
of galaxies10°, 107, 10 and10° yr.

set of templates, where the evolution in metallicity of the stel-05, 0.06, 0.05 respectively, for the 3 different sets. At high

lar population is explicitly taken into account (cf. Mobasher &edshift we founds, = 0.11,0.10,0.10, under the same as-

Mazzei 1999). In other words, there is a natural link betwesnmptions. A slight improvement on the accuracy:gf,; at

the age of the stellar population and its mean metallicity. For < 1.5 is observed when several different metallicities are

all metallicity cases, we have built up the same closed-box sysed together, and the self-consistent model (f) produces the

tems presented before: a constant star-forming galaxy and sbst fit in this redshift range. On the other side, including differ-

p-models. ent metallicities does not affect the high redshift determinations.
Three sets of templates were considered: the 3 different

metallicities together (solar and the 2 extr.eme values), the t\al%_ Initial mass function

extreme values alone, and the self-consistent model. A com-

parison among all these cases is given in [Hig. 4 (d,e,f). Thbe influence of the IMF has also been tested on the HDF spec-

dispersions at low redshift without failed objects ae = troscopic sample. We have used the self-consistent modeling,
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=0 ™ A tant contributions to the integrated fluxes. According to Gaam
N Allen (MW) et al. (1997), the [@]A3727 luminosity of star-forming galax-
NN Seaton (MW) ies can be approximated ty[O11]) ~ 10**Wgyy Lz, Where
BN Y T Fitzpatrick (LMC) Won is the equivalent width and g is the blue luminosity
e [ Prevot (SMC) . .
LNy Y _ in solar units.
« \ Calzetti (SB) . .
[ : ] For our purposes, an emission line can be overlooked when
S0 8 f(e-ling)/fy < 1—107%4Am wheref(e-line) andf, are, re-
I ] spectively, the integrated fluxes within the emission line and the
] stellar continuum through the filter, addn is the photometric
5 - uncertainty in magnitudes. A realistic value &fn ~ 0.05 to
] 0.1 mags £ 5 to 10% uncertainty) imposeg(e-line)/f\ <
~ 0.05 to 0.1. The limit in equivalent width for galaxies in the
0 ‘ sy s ] Guznan et al. sample is a few timég0 A, thus most compact
1000 10

star-forming galaxies fulfill this condition. Even when we con-
sider the typical luminosities of vigorous star-forming sources
Fig. 7. Extinction curveg:(\) for the different reddening laws imple- (L([OH]) ~ 1042 erg/s, Cowie et al. 1995, Glazebrook et al.
mented irhyperz 1995), emission lines are found to be negligible in most of them.
Also the large majority of H galaxies in the Terlevich et al.
(1991) local sample fulfill the condition.

which takes into account the evolution in metallicity of the stel-  Thus, emission lines do not seem to influence significantly
lar population and produces the best fit to the HDF data whi}® Zphot results on star-forming galaxies. On the contrary, this
using the Miller & Scalo IMF (1979). We have built up the samis ot the general case when we are dealing with AGNs, or when
closed-box models for 2 additional IMFs, Salpeter (1955) afide photometry is obtained through narrow-bandfilters. We have
Scalo (1986), keeping the same upper mass limit for star fornf#t considered here neither the contribution of AGN to the sim-
tion. When applying these new templates to the HDF sample, yated samples, nor the influence of such templates on the final
find exactly the same results in termszgf,,, accuracy. Look- accuracy when we are dealing with real data. AGN SEDs could
ing more carefully to the results obtained for individual object§€ €asily introduced in our present scheme, and this particular
we find that thez, .., estimates are approximatively the samépplication is presently under development (Hatziminaoglou et
whatever the IMF used. This resultis easy to understand beca@s@000).
the changes induced on the stellar continuum by the different
IMF slopes are compensated in most cases by the other pararg: Recovering the main SED parameters through hyperz
eters (reddening, age, ...), thus giving the sapeg; result but . .
a different solution in the parameter space. As mentioned befordyyperzallows to obtain the,,,.; and the
When we compute,,,.; on simulated data, the,p,.; accu- best fit parameters across the whole space. The fitting procedure
racy is the same when we use a unique IMF in model galaxfé%es not favour any parameter in particular. The homogeneous
and templates and when we use a different IMF in both Settinggnulations presented in Sddt. 3 could be used to briefly discuss
In addition, we have checked on possible systematic change$8rihe efficiency to recover the most relevant input parameters:
the spectral types derived byperzn the later case, with nega-the spectral types, the age of the stellar populationndBe-
tive results. In particular, a model catalogue built with Miller &ause of the degeneracy between these parameters, and the lack
Scalo IMF was analysed with Salpeter and Scalo IMFs, and eSPectral resolution, we only expect a rough spectral type to
results were the same as in the S&ct. 4.8 below. This strendifJetrieved from broad-band photometry. We have considered

ens the idea of the IMF being a secondary parameteg;ip the 8 spectral types presented in Sdct. 2 to illustrate the case.
estimates. A general trend appears when comparing the model and re-

trieved spectral types, whatever the redshift, filter combination
and photometric accuracy, with single bursts and early types be-
ing more easily identified than late types at all redshifts.[Fig. 8

As long as we are dealing here with broad-band photomet#jsplays an example obtained with thi8VRIJKfilter combi-

the presence of emission lines on the spectra has a relativdion and 10% photometric accuracy, excluding catastrophic
small effect on the integrated fluxes, and thus a small infliglentifications (less than 1% in this case). The trend remains the
ence on the,,;,.; results. This can be easily quantified when wéame whatever the distribution in types, from these detailed 8
consider the sample of blue compact galaxies at 1.4 stud- types to a rough Burst-E/S/Im distribution. Lowering eV

ied by Guznan et al. (1997), and the samples of star-formirfgf the number of filters slightly increases the trend in terms of
galaxies described by Cowie et al. (1995), Glazebrook et g@ntrast between the early type and late type behaviour. Late
(1995) and Terlevich et al. (1991). At relatively low redshifttyPe misidentifications are due to the degeneracy between age
the main emission lines to consider arerfj@3727, Ha, H3  Of the stellar population and spectral type, such galaxies be-
and [Q1]AA4959, 5007, [O11] and Hx being the most impor- ing incorrectly assigned to youngend earlier types. In other

ALA]

4.7. Emission lines
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T T type could be obtained, in terms of “blue” or “red” continuum.
gL o o o o O O o - The classification in this case shall either include the spectral
B typeandthe age of the stellar population, or be based onasimple
. o 0 o o O O O - set of templates such as CWW.
oL o o o O o o —
5. Expected accuracy on real data
3 @B © o O O o o O - In order to discuss on the expected accuracy and possible sys-
= tematic errors when exploring real data, we have performed
a S+ - . . ;
& °© © O © 0 O o a complete set of simulated catalogues, with a more realis-
o | i tic (non uniform) redshift distribution and/N ratio along
» © O O e 00O the SEDs. We have adopted the simple PLE model proposed
= O O O o o O - by Pozzetti et al. (1996, 1998), with minimal changes, to de-
- rive the redshift distributions and to assign a magnitude to
£ o O O O O o O -+ each object in the different filters. Four galaxy types (expo-
a nentially decaying SFR with characteristic time= 1Gyr
| | | | 1

s & S e N T and10 Gyr, constant SFR with evolution in time and at a fixed
age of0.1 Gyr) and their corresponding luminosity functions
are used to reproduce the number of galaxies expected at a
Fig. 8. Comparison between the model spectral types and the besgfiten redshift and absolute magnitudé,,. Apparent mag-
templates recovered iyperz for the simulations computed in S€dt. 3pitudes are computed from the evolved SEDs, with ages de-
Spectral types, from 1 to 8, correspond to galaxies ranging from e3g¥nding on the redshift considered, the formation redshift, set
(Bgrsts/E) to late (Im) types. Circle §|zes scale with the number Ztorm = 7, and the cosmological parameters. Photometric
objects. Ideally only the diagonal region should have been populat%c}rorS are scaled to apparent magnitudes assuming the approx-
imate relatiomMm ~ 2.51og[1 + 1/(S/N)], whereS/N is the
signal to noise ratio, which is given as a function of the apparent
words, there is often a burst-like template, of suitable age amégnitude througls/N = (S/N)10~0-4(m=m0) (S/N), be-
length, which is able to fit the dominant stellar population dhg the signal to noise ratio at a given reference magnituagle
a galaxy observed through broad-band filters. The results & simplicity, the photometric error is assigned to the apparent
the same whatever the configuration in the parameter spaceamignituden according to a Gaussian distributionAfn fixed
particular, changing the order or the position of the differeat This relation is set to reproduce the rapid increase of uncer-
templates in the space produces the same results. Degeneg@tities when approaching the limiting magnitudes. According
solutions in the redshift dimension are systematically displayesl these equations, a value 6fN = 10, corresponding to
by hyperz but this is only an option for the other dimensions oAm ~ 0.1, is reache®.5 magnitudes brighter than the mag-
the parameter space. There is no systematic trend in the cassitoble corresponding t6/N = 1. An object withS/N < 1
catastrophic identifications, but more than 90% of such obje@snon-detected in the involved filtern( = 99). An object is
in these simulations have misidentified spectral types as weihcluded in the final catalogue if it is detected in the filidas-
Inthe case of\y, the procedure will choose the best and theuming that this is the selection filter), and in at least two other
lowest possible value. The results in this case are much betfiiters. The last requirement is needed to compytg;..
whatever theS/N, provided that near IR filters are included. The same filter combinations discussed in $éct. 3 have been
Using a grid ofAAy = 0.2 to explore the parameter spaceused to produce the new simulated catalogues. The simulations
the typical value obr 4y = /> (Aav — (Aav))2/(N —1) in Sect[B represent an ideal case, with an infinite depth and a
ranges between 4 = 0.15 and0.3, for photometric accura- fixed photometric error, disregarding the dependence on errors
cies between 5 and 30%, for all the filter combinations includingrsus magnitudes. However, the relevant quantitie&’ and
J, H or K (or a combination of them). In all the other caseg% strongly depend on the number of objects in each redshift
oayv = 0.3 to 0.45, for photometric accuracies between 5 arun and then on the limiting magnitudes.
30%. These values are an average through all the spectral typeso give a qualitative idea of the accuracy expected with
and redshifts, excluding catastrophic identifications. Similar edifferent observational configurations, we consider two repre-
timates on catastrophic objects show an increase betw@é®3 sentative cases.
and+0.3 ono 4y, depending on the filter set.
In summary, it is difficult to obtain detailed information o .
the spectral types from broad-band photometry alone, and t i%' Deep pencil beam surveys
is probably the result of the poor spectral resolution. Near FRrstly, we focus on simulations obtained in the case of a pencil
photometry allows to constraint thé,, value for all spectral beam-like survey, i.e. a very deep observation, covering a small
types. Only early type galaxies could be reliably identified kgrea. From the photometric point of view, the main improvement
this method. For later types, only a rough estimate of the SE¥th respect to the uniform distributions presented above is that

SpT

model
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Table 4. Limiting magnitudes af/N = 1: (d) deep pencil beam-like we can introduce, for each object, a realistj@V in the differ-

survey, (s) shallow ground-based survey.

Filter  mjim(d)

Mlim (S)

29.0
30.0
295
29.5
285
275
25.0
24.0
235

ST SN~D<WS

255
26.5
26.0
26.0
25.0
24.0
215
20.5
20.0

thot

@)

150\\\\

100 -

o0

HDF+JHK

O e b by |

ent filters, with different values from filter to filter. We assume
that the detection limit is reached (N = 1) at magnitudes
similar to the limiting magnitudes of the HDF, as reported in
the columnmy;,, (d) of Table4 and in the right part of the same
table for the HDF-N filters. To obtain approximately the same
number of galaxies observed in the HDF, a field of 5arémin
has been simulated. The percentages of spectral types included
in the simulated catalogue axe 11, 58, 28, 3% for E, Sb, Im,
and Image = 0.1 Gyr) respectively. In order to reproduce the
observed number counts at faint magnitudes (Williams et al.
1996) we assume an open cosmological model, ®ith= 0.1
andQ, = 0. In this case, the peak of the redshift distribution
is atz 2 1 and very few objects are seen at lawin particular

at redshifts between = 0 andz = 0.4. Moreover, the PLE
model is known to overestimate the population of high redshift
galaxies.

In Table[® we display the computed quantities [% and
g% for the set of filters of the HDF-N, and for all the other deep
survey combinations considered in SEEt. 3 (marked by (d) in the
second column). The table contains the dispersion and the per-
centages of spurious and catastrophic objects, computed from
a set of 10 independent simulations for each configuration. The
interpretation of data in Tabfé 5 must take into account that the
definition of g% depends on the dispersien computed using
the correctly assigned objects, and this quantity is quite sensi-
tive to the different filter sets and redshift bins. Nevertheless,
these simulations take properly into account the observed prop-
erties of galaxies in deep surveys, such as the presence of faint
objects with huge photometric errors, and the lack of detection
in some filters leading to an uncertaip,. estimate (that is,
increasing the probability of misidentifications, enlarging the
error bars and the dispersion around the true value). In partic-
ular, this effect is evident when looking at the trend of itie
values. At higher redshift we find an increasing number of faint
objects that are non detected in some filters. This leads to an
increase 0f%. Because of the depth of limiting magnitudes,
we adopt the non detection law number 1 for optical filters and
2 for the near infrared ones. In the highest redshift bins, the
increase of the dispersion value tends to mitigate the effect of
the 2,10t deterioration in the value gf%.

In the case of HDF-N filter set, we considered also two
subcatalogues built with more restrictive selection criteria, re-
quiring the detection both ifg; 4, andin at least two other filters
to be S/N > 5 andS/N > 10. Statistics concerning these
simulations are tabulated in Table 5. Obviously, when consider-
ing objects with increasing/N, the accuracy of,;,, estimate
significantly improves. In Fid.l9 we show the results obtained

Fig. 9. Top: comparison between,oqer and zpnot for realistic cata- ©n the comparison betweep;,. and model re_dshifts, and also
logue HDF-like. See the text for the considered limiting magnitude@N the N (zmode1) VErsUsN (zpnot) reconstruction. Most of the
Small dots, crosses and circles correspond to objects brighter tisdscrepancy is due to objects with N < 10.

(S/N)im = 1,5,10 respectively, at least in the filter and in two
other filters. Bottom: redshift distributions for the simulation on the to
with (S/N)iim = 1. Solid line: N (2model). Dashed lineN (zphot).

B 2. Shallow wide field surveys

In the second case, the aim is to reproduce the observational
conditions reached when using 8 m telescopes and a wide field
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Table 5. The dispersiorr, and the percentage of catastrophic and spurious obj8étand g%, with errors, in five redshift bins, computed

from 10 realizations of simulated catalogues with a redshift distribution derived from a PLE model. (s) and (d) refer to shallow and deep surveys
respectively. The data are replaced by a dash when there are not enough data to compute the statistics. For the three exarppled in Figs. 9, 10
and11 we also present the quantities mentioned above as a function of the limiting signal to noise ratio considered for the detection.

2=100-0.4 0.4-1.0 1.0-2.0 2.0-3.0 >3

filters o % g% o % g% o. 1% g% o. 1% g% o. % g%
HDF+JHK 006 00 347 017 1+1 8+3 029 141 1242 039 8+1 441 03430+3 141
S/N =5 006 00 3£7 009 0£0 8£2 020 0£0 4+2 030 141 0£1 030 242 040
S/N =10 006 00 3£7 007 0£0 442 015 0£0 2+1 020 04+0 0£0 019 0+0 040
BVRI (d) 008 10+8 38415 032 8+2 40+4 046 19+1 10+£2 056 34+3 441 047 31+6 741

(s) 017 30+3 10+2 036 11+2 7+1 045 18+1 6+£1 070 58+7 32+6 — — —

UBVRI  (d) 006 0+0 37413 030 741 21+4 043 124+2 10+£2 050 17+2 4+1 046 28+3 5+1
S/N=1 (s) 01517+1 25+3 034 7+1 4+1 049 19+2 2+1 058 414+10 14+7 — —  —
S/N=5 (s) 009 5+1 742 026 2+1 2+1 049 14+6 2+1 —  — S —
S/N=10 (s) 007 1+1 242 018 1+1 1+1 043 447 4+5 —  — - - - =

UBVRIZ (d) 006 0+£0 20+10 023 6+2 28+3 045 12+2 24+1 043 12+2 11+1 048 24+2 6+2
(s) 014 18+1 25+2 029 11+1 7+£1 053 21+2 1+£1 042 41+9 35+8 — — —

UBVRID (d) 005 0+0 13+9 019 3+1 2543 037 5+£1 6+1 042 15+2 6+2 043 28+3 242
(s) 017 11+1 19+2 025 5+£1 4+1 045 11+2 2+1 050 35+8 28+7 — — —

UBVRIK (d) 006 0+£0 94+11 019 3+1 22+2 036 5+1 7+1 044 14+1 24+1 039 14+3 3+2
(s) 017 14+1 14+2 025 7+1 44+1 043 11+£2 2+1 054 34+6 25+7 — — —

BVRUJK (d) 006 0+0 7+6 017 3+1 324+3 039 5+£2 94+1 043 25+3 4+1 040 29+2 3+3
(s) 019 17+2 6+2 024 71 24+1 039 8+1 4+£1 037 306 58+8 — — —

UBVRIJK (d) 0.06 0+0 545 017 3+1 23+4 035 3+1 8+1 041 13+3 4+1 0.38 2624 2+2
S/N=1 (s) 017 13+2 1243 024 6+1 3+1 040 6+2 3+1 043 2947 34+9 — —  —
S/N=5 (s) 009 2+1 642 015 1+1 3+1 040 8+2 2+1 —  — -
S/N=10 (s) 0.06 0+0 242 011 0+0 2+1 027 7+10 5+4 —  — - - - —

UBVRI (d 005 00 5+£6 017 3+1 24+2 035 3+£1 8+1 039 13+2 6+1 038 27+£3 241
JHK (s) 017 13+2 94+2 024 5+£1 3+1 038 5+1 4+1 036 23+4 414+8 — — —

detector. In particular, we consider the case of a survey irohg% andi% change significantly when considering the same
~ 60 arcmir? field, observed with all the filter sets consideredet of filters, but a different kind of survey. On the contrary,
in Sect[B. The adopted limiting magnitudes are shallower aremains similar.
conservative with respect to the values in the previous simula- An interesting feature is the opposite trend displayed by
tions. They are shown in the column;,,(s) of Tabld 4. The deep pencil-beam compared to shallow wide-field surveys with
percentages of the different spectral types for catalogues widispect to the low and high redshift regimes for a given filter set.
these limiting magnitudes, using the same detection criteria, &tdow redshifts, the value of% is larger for the deep pencil-
similar to the previous ones, beirg 12, 54, 26, 8% for E, Sb, beam survey (type (d) in the Talile 5) than for the shallow (s)
Im, and Image = 0.1 Gyr) respectively. wide-field one. Conversely, the accuracy of deep surveys over-
Results foro,, 1% and g% are presented in Tablé 5 andcome that of the shallow ones at high redshifts. In this context,
marked by a (s). For the filter set#iBVRI and UBVRIJKwe the separation between low and high redshift regimes is marked
repeated the same procedure adopted for the HDF-N simulatgdhez = 1 —2 bin.
catalogue, to build two subcatalogues with highgN thresh- This behaviour could be easily explained when we consider
olds. Fig[10 presents the results obtained with the five optitak different characteristics of the catalogues produced in the
bands only, whereas Fig.]11 displays the equivalent results witlo cases. The deep survey catalogue contains few low red-
the additional photometry in two near infrared filters. Hig$. 1€hift galaxies, and most of them derive from the faint tail of the
and11 show the associated input and recovered redshift didtriminosity function. These faint galaxies are much more abun-
butions. dant than the bright ones, than they are present in the catalogue
The peak of the redshift distribution in this case is at a loweren though the volume covered at low redshift by this survey is
redshift compared to the HDF simulation. Wide-field surveysmall. The photometric errors for these intrinsically faint objects
allow to obtain a better sampling of the bright end of the lumare rather large, thus causing a poor estimatg,@f;. On the
nosity function with respect to HDF-like surveys, the later beingpntrary, the wide-field survey contains a large quantity of bright
more suited to explore the faint luminosity regime. The valwgalaxies at low redshift, wich have sufficiently small photomet-
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Fig. 10. Top: comparison between,oqe1 andzpnot fOr realistic cata- Fig. 11. Top: comparison between,.qe1 andzpnot for realistic cata-
logue for a shallow survey with 5 filters. The symbols are the samelague for a shallow survey with 7 filters. The symbols are the same as
in Fig.[@. Bottom: redshift distributions for the simulation on the toj Fig[d. Bottom: redshift distributions for the simulation on the top
with (S/N)iim = 1. Solid line: N (zmode1). Dashed lineN (zphot ). with (S/N)iim = 1. Solid line: N (zmode1). Dashed lineN (zpnot ).

ric errors to obtain accuratgy,.:S. The faintest objects are los Discussion
in this case because of the shallow detection limits. The majority
of galaxies in the shallow wide survey lies in the low redshifflaking use of the Bayesian technique, Bem (2000) demon-
bins, around the peak a¥(z). When we consider the popu-strated thatthe dispersiongi,.. can be significantly improved.
lation of galaxies beyond the peak of the redshift distributioDespite of this result, we decide not to introduce this possibility
the photometric errors in the shallow survey become importantour code, at least for general purposes. The reason for this
and an increasing fraction of objects is non detected in variogghat we want to prevent spurious effects in particular studies.
filters. These problems hamper a robust determinatiopf. As an example, when the luminosity function is imposed, the
On the contrary, the pencil beam survey take advantage ofdtady of the galaxy population is constrained and it becomes
depth, allowing to compute,,.: at higher redshifts. impossible to obtain independent information on the properties
On the basis of these results, we caution that the kind affobjects, thus limiting the possible applications. However, this
analysis presented here is strongly advised when a photometriethod can be regarded with interest when the purpose is ad-
survey is undertaken in view of computing,..S. In particular, dressed to some specific application or when one is dealing with
the filter configuration and the photometric depth to reach poor data, in such a way that the introduction of hints permits
each filter have to be determined accurately in advance, in ortieobtain useful results. Alternatively, the photometric redshift
to optimize the survey and to study the feasibility of the projea@stimate can be safely improved introducing the Bayesian in-
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ference when prior information is not related to photometric The same slicing procedure can be adopted to study the evo-
properties of sources. Examples of such priors that could lloéion of the luminosity function and consequently to infer the
combined with thez,,o¢ technique are the morphology or thestar formation history at high redshift from the UV luminos-
clues inferred from gravitational lensing modeling. ity density, as well as to analyse the stellar population and the
One of the main issues fagn; is the optimization of the evolutionary properties of distant galaxies (e.g. Yee et al. 1996;
visible versus near-IR bands for spectroscopic surveys. The @obbaRao et al. 1996; Gwyn & Hartwick 1996; Sawicki et al.
is to produce a criterion basedip,. to discriminate between 1997; Connolly et al. 1997; Pascarelle et al. 1998; Giallongo et
objects showing strong spectral features in the optical and in #ile1998).
near-IR. To perform this test, both the redshift and the SED char- Furthermore, the photometric redshift method has been used
acteristics have to be estimated for each object. g and to investigate the nature of Extremely Red Objects (EROs) with
the SED are obtained by meandwperz together with the best a “spectro-photometric” technique by Cimatti et al. (2000), de-
fit parametersA4y , spectral type, metallicity and age). The relducing clues about the model of galaxy formation. Another kind
evant information shall be the redshift and the rough SED typsf, spectroscopic and photometric combination has led to the
i.e. “blue” or “red” continuum at the given. We have shown identification of very high redshift object, as described by Chen
that only limited information could be obtained on the paramet al. (1999).
ter space from broad-band photometry alone. This situation will From this not exhaustive list of applications, it is evident
change with the future cryogenic imaging spectrophotometettsat photometric redshifts are a powerful and promising tool in
as presented in a recent paper by Mazin & Brunner (2000), eany areas of extragalactic research. This method shall not be
cause such devices will be able to gain in spectral resolutimgarded only as a “poor person’s redshift machine”, but as a
while spanning a large wavelength domain. fundamental instrument, since a multitude of faint objects will
Another important issue fot,.:, is the improvement on remain beyond the limits of spectroscopy for the next years.
the cluster detection in wide-field photometric surveys. Includtven with the diffusion of Multi-Object Spectrometers, most of
ing such a technique in an automated identification algoriththe faint galaxies with measured photometry will fall beyond
whatever this algorithm is, allows to improve significantly théhe reach of conventional spectroscopy.
detection levels. The main idea is that the contrast between the
cluster and the foreground and background population is the

leading factor. When introducing a simple detection scherrfe, Conclusions

similar to the one used by Cappi et al. (1989), it is easy {§e have presented the characteristics and the performances of
quantify this effect (Petl et al. 1998). In general, th&/N is  our public codehyperz available on the web, which make use

expected to improve by a factor of at least2 to 3 with re-  of the template SED fitting technique. We can summarize the
spect to the pure 2D case, depending on the cluster redskiflin conclusions as follows:

and richness, the set of filters used and the depth of the sur-

vey. When considering more elaborated cluster-finding alga- Simulations of ideal catalogues have shown the main trends

rithms, such as the one produced by Kepner et al. (1999), Olsenof the accuracy om,p,,; calculations. In particulary ot

et al. (1999), Scodeggio et al. (1999), Kawasaki et al. (1998) estimates are improved when the filters set spans a wide

or Deltorn et al. (2000, in preparation), these results could be wavelength range, including near-IR aidilters, and when

regarded as the relative improvement due to photometric red- the photometric errors become small.

shifts. The present version bf/perzis also able to display the 2. We have investigated the weight of the different parameters

probability of each object to be at a fixed redshift. This is use- on the final results, using both a spectroscopic subsample of

ful when looking for clusters of galaxies at a given (guessed) HDF and simulations. In particular, the templates, the flux

redshift. decrement by Lyman forest, the age of the stellar popula-
The study of clustering properties through the spatial cor- tjon, the reddening, the cosmology, the metallicity, the IMF

relation function of galaxies, using the angular correlation to- and the presence of emission lines have been discussed. Ac-

gether with thez,1,o¢ information is another possible applica-  cording to these results, thgy,.; preciseness seems to be

tion of z,net, @iming to extend the study of galaxy properties  more sensitive to the photometric accuracy rather than to the

to fainter limits in magnitude. In this case, the relatively high detailed set of parameters. Nevertheless, a subset of these

number of objects accessible to photometry per redshift bin, parameters (reddening, age of the stellar population and Ly-

suitably defined according to photometric redshift accuracy, al- man forest blanketing) has to span a sufficiently wide range

lows to enlarge the spectroscopic sample towards the faintestof values to obtain accuratgy,s.

magnitudes, and also to strongly reduce the errors (because gheThe robustness of the method has been illustrated through

number of objects per redshift bin strongly increases). Studies realistic deep field simulations, aiming to reproduce the red-

on the evolution of the angular correlation function of galaxies shift distribution, photometric accuracy and limiting mag-

in the HDF-N applying the photometric redshift technique can nijtudes encountered in deep field surveys.

be found in Miralles & Peb (1998), Connolly et al. (1998), 4. We have pointed out some of the manifold applications of

Roukema et al. (1999), Arnouts et al. (1999), Magliocchetti & the photometric redshift machinery in present and future
Maddox (1999). projects.
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5. We plan to include AGN SEDs in the present scheme Gliznén, R., Gallego J., Koo D.C., et al., 1997, ApJ 489, 559
hyperz as well as stellar templates, in order to automaticalfywyn S.D.J., Hartwick F.D.A., 1996, ApJ 468, L77
classify objects in a photometric survey through a unigu#atziminaoglou E., Mathez G., PeIR., 2000, A&A 359, 9

pipeline. This particular application is presently unddfogg D-W., Cohen J.G., Blandford R, etal., 1998, AJ 115, 1418
development (Hatziminaoglou et al. 2000). Kawasaki W., Shimasaku K., Doi M., Okamura S., 1998, A&AS 130,
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